Recent studies have identified cortical sinuses as sites of sphingosine-1-phosphate receptor-1 (S1P 1 )-dependent T-and B-cell egress from the lymph node (LN) parenchyma. However, the distribution of cortical sinuses in the entire LN and the extent of lymph flow within them has been unclear. Using 3D reconstruction and intravital two-photon microscopy we describe the branched organization of the cortical sinus network within the inguinal LN and show that lymphocyte flow begins within blunt-ended sinuses. Many cortical sinuses are situated adjacent to high endothelial venules, and some lymphocytes access these sinuses within minutes of entering a LN. However, upon entry to inflamed LNs, lymphocytes rapidly up-regulate CD69 and are prevented from accessing cortical sinuses. Using the LN reconstruction data and knowledge of lymphocyte migration and cortical sinus entry dynamics, we developed a mathematical model of T-cell egress from LNs. The model suggests that random walk encounters with lymphatic sinuses are the major factor contributing to LN transit times. A slight discrepancy between predictions of the model and the measured transit times may be explained by lymphocytes undergoing a few rounds of migration between the parenchyma and sinuses before departing from the LN. Because large soluble antigens gain rapid access to cortical sinuses, such parenchyma-sinus shuttling may facilitate antibody responses.
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antigen capture | inflammation | interstitial fluid | laminar flow L ymphocyte recirculation between blood, lymphoid organs, and lymph is essential for immune surveillance. T and B lymphocytes get into LNs from the blood through high endothelial venules (HEVs); they then move into the T zone and B-cell follicles, respectively, and migrate there in a stromally guided random walk. If no antigenic stimuli have been encountered, lymphocytes leave into the efferent lymphatics after a characteristic residence time in murine lymph nodes (LNs) of 6-10 h for T cells and 12-24 h for B cells (1) (2) (3) . During some immune responses, egress of naive lymphocytes from LNs is transiently blocked by IFNα/β. This egress "shutdown" has been modeled by systemic treatment with double-stranded mRNA mimetic polyinosine-polycytidylic acid [poly(I:C)] that induces secretion of IFNα/β, as well as with lymphocytic choriomeningitis virus (LCMV) infection (4) . The induced block in egress partially depends on lymphocyte-intrinsic up-regulation of CD69. CD69 is a transmembrane protein that negatively regulates sphingosine-1-phosphate receptor-1 (S1P 1 ), a receptor for sphingosine-1-phosphate (S1P) that is required for lymphocyte egress (4, 5) . However, the stage at which CD69 inhibits cell departure from the LNs has not been fully defined.
Recent studies of murine LNs identified lymphatic vascular endothelial gene-1 (LYVE-1) + cortical sinuses as sites of T-and B-cell exit from the LN parenchyma (6) (7) (8) . Using intravital twophoton laser scanning microscopy (TPLSM), it was shown that intrinsic expression of S1P 1 on T lymphocytes regulates their access into the cortical sinuses, whereas fluid flow within these sinuses mediates their retention and passive transport toward the medulla and efferent lymphatic (7) . However, cortical sinuses often appear packed with cells (6, (9) (10) (11) (12) and it has been unclear whether all of these structures exhibit fluid flow.
A systematic view of lymphocyte recirculation through LNs under normal and inflamed conditions requires better understanding of (i) the distribution of the lymphocyte exit sites in the LNs (LYVE-1 + sinuses with flow in them) relative to entry sites (HEVs), (ii) the time within which lymphocytes could access and transmigrate into the exit sites after arrival into the LNs, (iii) the fraction of cells that return back into LN parenchyma from LYVE-1 + sinuses, and (iv) the regulation of these processes by local inflammation. In this work we have undertaken studies to address these questions. By confocal microscopy we obtained a 3D reconstruction of HEV and LYVE-1 + sinus distribution in an entire inguinal lymph node (ILN). By TPLSM we find that multiple blunt-ended cortical sinuses show evidence of cell flow. Large soluble antigen gains efficient access into cortical sinuses, providing further evidence for fluid flow in these structures while also suggesting that they may function as sites of antigen acquisition by B cells. Many cortical sinuses are proximal to HEVs, and newly entered lymphocytes have rapid access into these exit sites. In a model of local inflammation induced by poly(I:C), naive lymphocytes coming into an inflamed LN rapidly up-regulate CD69 and are blocked from accessing cortical sinuses. We developed a quantitative model of T-cell egress from ILNs that incorporates the experimentally measured distribution of the cortical sinuses, known T-cell motility parameters, and sinus entry efficiency. We find that for this model to accurately predict lymphocyte residence time in the LN, it is necessary to propose that lymphocytes shuttle between the parenchyma and sinuses a few times before reaching the efferent lymphatics.
Results
Blunt-Ended Cortical Sinuses Exhibit Flow. To gain quantitative information about the positioning and morphology of cortical sinuses in murine LNs, we performed a 3D reconstruction of LYVE-1 + sinuses and HEVs in an entire ILN by serial sectioning; staining for LYVE-1, CD31 (PECAM1), and CD4; and analyzing by confocal microscopy. Image stacks were collected from adjacent 20-to 30-μm sections and then compiled into a single file. This reconstruction demonstrated the presence of multiple blunt-ended sinuses that started near HEVs in interfollicular regions or at the follicle/T-zone boundary (Fig. 1 ), in agreement with previous studies (12, 13) . Several connecting sinuses that extended from the subcapsular sinus (SCS) to medullary sinuses were also identified and usually were located adjacent to a B-cell follicle as well as passing near HEVs ( Fig. 1 and Movies S1 and S2). The 3D map obtained of the LYVE-1 + structures allowed sinus distribution with respect to HEVs and the total sinus surface area to be measured, providing necessary parameters for egress modeling, as described further below. As an approach to examine whether the blunt-ended cortical sinuses showed evidence of cell flow, we determined the axis ratio of CD4 T cells that were within the lumen of the sinus and not touching the wall, within the lumen and touching the wall, or within the parenchyma near the sinus (Fig. 2 A and B) . This analysis showed that most of the cells within the lumen and free from the sinus wall had a smaller axis ratio than the other cells, indicating they were more rounded and thus likely caught and retained in fluid flow (Fig. 2 A and B) (7) . We then asked whether we could detect cells flowing within blunt-ended structures using intravital TPLSM. In a series of experiments we observed a steady lymph flow in the SCS (detected by faint autofluorescence of the lymph and by the large diameter of the SCS) for the first 2-3 h after the surgery, but after this time the flow became more variable. Studies in animal models and in humans have shown that prolonged anesthesia is associated with a reduction in lymph flow (14, 15) . When the TPLSM analysis was performed within the first 2-3 h after surgery, many blunt-ended sinuses had cells flowing in them in the direction of the medulla (Movies S3 and S4). We therefore suggest that blunt-ended sinuses act as lymphocyte-retaining exit sites.
High Molecular Weight Antigen Gains Rapid Access to Cortical Sinuses.
Because we detected slowly flowing cells in many cortical sinuses, we speculated that lymph-borne antigens accessing medullary sinuses may diffuse via the lymph to cortical sinuses. To test this possibility, we injected mice with phycoerythrin-coupled hen egg lysozyme (HEL-PE) (∼300 kDa), an antigen complex that is too large to access the LN parenchyma via conduits (16) . To facilitate visualization of the antigen without the complication of loss during tissue preparation, we first transferred two populations of reporter B cells that are able to bind HEL with high affinity: wildtype MD4 Ig-transgenic B cells that localize in follicles and CXCR5-deficient MD4 Ig-transgenic B cells that localize to interfollicular and follicle-proximal T-zone regions. These are the sites where most of the cortical sinuses are situated. Three minutes after injection of HEL-PE into the footpad, many MD4 B cells in the cortical sinuses, medulla, and SCS had bound the antigen, whereas the majority of MD4 B cells in the parenchyma were unstained (Fig. 3A) . Similar labeling was observed in ILNs 20-30 min after s.c. injection of HEL-PE in the flank and the base of the tail (Fig. 3B ). The more rapid labeling after footpad compared with flank injection may reflect greater hydrostatic pressure in the former injection site, leading to more rapid movement of antigen through the afferent lymph. At 40-60 min after s.c. injection of HEL-PE, MD4 B cells in proximity to the cortical, medullary, and SC sinuses of the draining ILN had bound the antigen (Fig. 3C ). The rate of HEL-PE appearance in LN sinuses and capture by MD4 B cells varied between animals, likely reflecting variations in drainage from the injection site. However, a similar sequence of labeling in sinuses and surrounding parenchyma was seen in multiple experiments (Fig. S1 ). HEL-PE gave brighter staining in the medulla than in cortical sinus regions after both s.c. and footpad injections ( Fig. 3 and Fig. S1 ). This result is consistent with access of HEL-PE to cortical sinuses by diffusion from the medullary sinuses against the direction of the slowly flowing cortical sinus lymph. In support of this hypothesis, dynamic calculations of diffusion against laminar liquid flow (SI Materials and Methods) suggest that protein antigens with molecular mass ∼300 kDa should rapidly spread into the sinuses if the liquid flow rate is comparable to or even a few fold faster than the experimentally measured flow rate of cells in the sinuses (7) (Fig. S2) . Previous studies have shown that the small molecular weight antigen HEL-A647 gains rapid access to LN follicles either directly from the SCS or via conduits (17, 18) , although how this antigen distributes with respect to cortical sinuses was not determined. Two to 5 min after footpad injection of HEL-A647, popliteal LNs showed a wave front-like labeling pattern of the MD4 B cells that propagated through the follicles away from the capsule and the brightly stained medulla (Fig. S3) . Although the extent of MD4 B-cell staining in the cortical sinuses was variable within this time period, they always appeared stained where the HEL-A647 wave front from the follicles or from the medulla reached the sinuses. Overall, the similar kinetics of HEL-A647 localization into the follicles and cortical sinuses suggest that the cortical sinuses themselves are not a preferential path for LN access by small antigens. These data also suggest that HEL-A647 diffusion through the follicles or spreading through sparse follicular conduits (17, 18) occurs before spread through the T-zone conduit network (16, 19) . By 5-10 min after HEL-A647 footpad injection, most MD4 B cells proximal to or within the T zone were also stained.
In our previous analysis of T-cell behavior in cortical sinuses, we noted that some cells moved from the sinus back into the parenchyma, although this behavior was less profound in regions with flow (7). Here we observed examples of B cells migrating from cortical sinus regions with flow back into the parenchyma (Movies S4 and S5). These observations suggest some amount of lymphocyte "shuttling" between sinuses and parenchyma, as also suggested by the quantitative analysis below, and might provide a mechanism for B-cell return into the parenchyma after an encounter with large soluble antigens in the sinuses.
Rapid Access of Lymphocytes into Cortical Sinuses. The close proximity of cortical sinuses to HEVs (Fig. 1 ) led us to ask how quickly cells entering LNs through HEVs can gain access to the sinuses. To address this question mice were injected with lymphocytes i.v. followed by LN section analysis to determine positioning of the transferred cells. No examples of direct transmigration from HEVs into sinuses were observed. The cells arriving in the LN at the junction of HEVs with lymphatic sinuses appeared aligned along the wall of the sinus (Fig. 4A) . However, at 20 and 30 min after injection, many transferred lymphocytes were detected within the sinuses (Fig. 4B, Movie S6 ). These observations suggest that S1P 1 , which is down-regulated on lymphocytes in the blood (20) 
Lymphocyte Exclusion from Cortical Sinuses During Inflammation.
The observed ability of lymphocytes to get into the exit sites shortly after their entry into the LN implies that a fraction of lymphocytes may go into the efferent lymphatics before surveying for antigen in the parenchyma. However, antigen presentation in lymphoid organs is often accompanied by inflammation. We therefore attempted to assess what happens to the newly arriving cells in locally inflamed LNs. IFNα/β induced in response to poly(I:C) injection causes up-regulation of lymphocyte CD69 and inhibition of the egress-promoting function of S1P 1 (4) . Six hours after systemic treatment with poly(I:C), many cortical sinuses in peripheral LNs were partially or fully collapsed (Fig. S4A) −/− cells were enriched in the cortical sinuses relative to the CD69 +/+ cells at 6 h after poly(I:C) treatment (Fig. 5 A-D) . On the basis of these data, we infer that CD69 up-regulation reduces lymphocyte entry into cortical sinuses. This reduction results in a partial collapse of the cortical sinuses, similar to what was reported in mice treated with FTY720 or in lymphatic sphingosine kinasedeficient mice (8, 21) .
To address how quickly CD69 is up-regulated on lymphocytes arriving into an inflamed LN, we induced localized LN inflammation by footpad injection of poly(I:C) with simultaneous control injection of PBS into the contralateral footpad (Fig. 5E) . By 6 h after injection, cells in poly(I:C) draining popliteal LNs started up-regulating CD69 whereas in the contralateral LN (and the other peripheral LNs) CD69 up-regulaton did not occur. Analysis of CD69 up-regulation by lymphocytes arriving into the inflamed popliteal LN showed that B cells and CD8 T cells started up-regulation of CD69 by 30-60 min after their arrival (Fig. 5F ). The onset of CD69 up-regulation was a little delayed in CD4 T cells, taking place between 60 and 90 min after their entry (Fig.  5E ). These data show that CD69 up-regulation by lymphocytes in the inflamed LN is rapid compared with the median LN residence time and thus could significantly reduce the chance of potentially antigen-reactive lymphocytes undergoing premature exit from an inflamed LN.
Quantitative Model of T-Cell Egress from ILN. In a currently envisioned model of lymphocyte egress from LNs, naive lymphocytes can encounter LYVE-1 + sinuses while moving in the LN by a stromally guided random walk. Upon the encounter they either turn back in the parenchyma or transmigrate into the exit structure, where they can become captured by flow and carried into the efferent lymphatics (6, 7). However, whether (i) distribution of the entry and exit sites, (ii) frequency of transmigration into the exit site upon contact, and (iii) lymphocyte motility within the T zone are sufficient to explain the experimentally measured kinetics of lymphocyte egress from the LN is unclear. To test this, we developed two quantitative models of T-cell egress from the ILN, using two different approaches to model T-cell motility within the lymph node: the simple model (SM) (22) and the conditional probability model (CPM) (SI Materials and Methods). On the basis of these quantitative models and the experimentally measured parameters (i-iii), we calculated the rate of lymphocyte entry into the sinuses ( Fig. 6 and Fig. S7 ) and compared it with an experimentally measured residence time of T cells in ILNs.
Both the SM and the CPM models of lymphocyte egress predict that ∼30% of T cells arriving in the ILN through HEVs encounter the exit structures within the first 30 min, and by 2 h half of them encounter the sinuses at least once ( Fig. 6 A and B) . The newly arriving lymphocytes have a higher probability of encountering the sinuses compared with the cells residing in the ILN for >2 h (Fig. 6 A and B , note the slope of the curve), due to the proximity of the cortical sinuses to HEVs. Overall, the CPM predicts an ∼20-25% faster rate of T-cell encounter with the sinuses and egress compared with the SM (Fig. 6) . Under an assumption that the efficiency of lymphocyte transmigration into the sinuses does not change with time following their arrival in the ILN, the expected half-life of T cells in the ILN (before they transmigrate into LYVE-1 + sinuses) is predicted to be ∼4-5 h (Fig. 6 C and D) . This value would be only slightly delayed if the cells were unable to transmigrate into the sinuses (for example, due to S1P 1 resensitization requirements) within the first 15 or 30 min after their entry (Fig. 6 C and D) .
In addition to the quantitative modeling, we performed a volumetric analysis of T-cell access to LYVE-1 + sinuses (SI Materials and Methods). This analysis is based on the ratio of the cumulative surface area of the sinuses facing the T zone to the entire volume of the T zone (extracted from the representative ILN) and on the experimentally measured T-cell transmigration frequency and the time T cells spent in contact with the sinuses. In contrast to the quantitative modeling, volumetric analysis does not depend on the distribution of the entry sites and T-cell motility. The range of half-lives for T-cell transmigration into LYVE-1 + sinuses estimated by volumetric analysis is either faster than or comparable to the predictions of the quantitative model (SI Materials and Methods and Fig. S8 ), with both of them suggesting a slightly faster rate of T-cell access into the sinuses from the T zone than the reported + sinuses at various times after cell arrival into the ILN through HEVs. Simulations were performed with minimal distance set to 2 μm and contact distance of 5 μm (black circles) and 3 μm (gray circles). The dashed red line indicates the region of constant probability of encountering LYVE-1 + sinuses between ∼2 and 10 h after cell entry and higher probability of sinus contact before 2 h after entry. τ 1/2 , calculated half-life for the first encounters of cells with sinuses. (C and D) The fraction of cells that have not transmigrated into LYVE-1 + sinuses from the parenchyma if the probability of transmigration upon contact is 0.3. The probability of transmigration is constant (black circles), zero in the first 15 min after entry (white circles), or zero in the first 30 min after entry (gray circles). Simulations were performed with minimal distance set to 2 μm and contact distance of 5 μm. τ 1/2 , calculated half-life for cell transmigration into sinuses (Fig. S6) .
rate of CD4 and CD8 T-cell exit from LNs (3) . If the kinetics of lymphocyte exit from ILNs is tightly regulated (as would be expected on the basis of the previous report) (3), then the discrepancy between cell entry into the sinuses and egress from the ILN may be caused by overestimation of cell entry into some cortical sinuses. The frequency of T-cell transmigration into the sinuses was similar in various regions of ILNs imaged by TPLSM in four separate experiments (Fig. S5A) (7, 8) . Therefore, we speculate that T-cell transmigration frequency does not vary a lot between various regions of the exit sites, although we cannot exclude its gradual variation over time (timer mechanism). For a timer mechanism to be relevant, it would have to operate over a long timescale, because we found little effect of reducing sinus entry efficiency for the 15-30 min after entry. However, multiple examples of lymphocyte return into parenchyma from the sinuses led us to propose an alternative mechanism that might contribute to lymphocyte transit time within LNs. Lymphocyte recirculation between the sinuses and parenchyma was experimentally observed before and in this work (Movies S4 and S5) (7, 8) , especially in regions of the sinuses without flow or where the flow of the cells was restrained by macrophages close to the capsule. The experimental assessment of the physiological extent of lymphocyte return from the cortical sinuses back into the parenchyma may be somewhat ambiguous due to reduction in the fluid flow occurring during the intravital imaging. Estimations made with the quantitative model of T-cell egress suggest that to achieve an agreement between the calculated rate of cell entry into the sinuses and the experimentally measured half-life of T cells in the ILNs (8-9 h) (3), about half of the T cells that transmigrate into the sinuses should return back into the T zone.
Discussion
In this study we demonstrate that blunt-ended cortical sinuses in LNs contain many rounded lymphocytes that are moving toward medullary sinuses. We suggest that the presence of lymph flow in cortical sinuses promotes the rounding up and capture of cells that have entered in an S1P 1 -dependent manner, reducing their propensity to migrate back into the parenchyma and helping ensure they reach medullary sinuses and exit the LN. Using quantitative information about major LN exit sites, the volume of the T zone, and the established migration parameters of LN T cells, we estimate LN transit times that are quite close to the measured values, suggesting that these are the major parameters determining naive lymphocyte transit time. Although the model predicts egress times slightly faster than those that have been measured, our dynamic analysis shows that some cells do return to the parenchyma from sinuses, providing a likely explanation for the discrepancy.
The pathways of fluid flow into cortical sinuses have not been well defined. Conduits have been suggested to channel lymph arriving in the SCS to HEVs for return to blood circulation (12, 19) . Because many blunt-ended cortical sinuses initiate near HEVs, it seems likely that such channeling also delivers lymph to cortical sinuses, and some tracer studies are consistent with this interpretation (23) (24) (25) . In TPLSM experiments we observed simultaneous decreases in the amount of afferent lymph in the SCS (suggested by collapse of the ILN capsule after a few hours of intravital imaging) and in the cell flow rate in cortical sinuses, consistent with the possibility of fluid delivery from the SCS via the parenchyma and/or conduits. Due to the detection of higher protein concentrations in efferent compared with afferent lymph, the close proximity between HEVs and lymphatics, and their positive staining for aquaporin, it was previously suggested that lymph may flow from the blunt-ended cortical sinuses into the blood (12) . However, we believe the more parsimonious explanation of the available data are that there is fluid accumulation by both HEVs and cortical sinuses. Moreover, LN capillaries may contribute to the formation of interstitial fluid in the LN such that there is some local passage of fluid from the blood into the cortical sinuses (26) .
A typical view of the LN immune surveillance function is that lymphocytes enter the LN and then survey for antigen or antigenic peptides on dendritic cells (DCs), a process that may require hours. However, the immune surveillance function of LNs might be better considered in a hierarchical way, where the primary level of surveillance is for LN inflammation and the secondary level is for antigen or peptides displayed by DCs. With this view, a key requirement for successful immune surveillance is that the inflamed state of the LN is detected rapidly by entering lymphocytes. We show that when T and B cells enter an inflamed LN, CD69 is induced within an hour and access to cortical sinuses is strongly blocked. The collapse of many cortical sinuses in LNs responding to poly(I:C) that occurred as a result of CD69 induction in the lymphocyte is similar to the emptying of sinuses that is seen within hours of treatment with the S1P 1 -modulating drug, FTY720 (8, 21) , and suggests that the presence of lymphocytes within the sinuses is important for holding them open. This result also suggests that there is a lack of structural components, such as extracellular matrix tethers, to hold them open and implies that the amount of fluid flow within the structures is influenced by their cellular content.
Recent studies identified a number of paths by which antigens arriving in LNs can reach B cells. Whereas small antigens (<70 kDa) can gain direct access to follicles via the SCS floor or through conduits, particulate and opsonized antigens can be captured and displayed to B cells by SCS macrophages or transported to areas near follicles by DCs (18, 27, 28) . The ability of large protein antigens to gain rapid access to cortical sinuses, most likely by diffusion in the lymph, suggests a unique mode of B cell encounter with antigen. Interestingly, although the pathway is predicted to be accessible for big proteins/protein complexes, for viral particles this access should be orders of magnitude less efficient (Fig. S2) . We demonstrate that cognate B cells within or adjacent to cortical sinuses rapidly acquire the large HEL-PE antigen complex. The visualization of some B cells moving from cortical sinuses back into the parenchyma, and the suggestion from the modeling analysis that many of the T cells that enter sinuses return to the parenchyma at least once, supports the possibility that this is a relevant pathway of local B-cell antigen encounter. Under inflammatory conditions, antigen exposure by entry into lymphatic sinuses will be antagonized by CD69, but B cells may continue to probe sinuses in an S1P 1 -indpendent manner (7), allowing for continued exposure to sinusoidal antigen. DCs might also acquire large soluble antigens, perhaps including viral antigens (29) , by sampling cortical sinus fluids. B cells are occasionally observed migrating on the luminal side of the SCS (8, 30) , and consistent with direct exposure of such cells to SCS lymph, some antigen-labeled cognate B cells were detected in the SCS within minutes of HEL-PE injection. Thus, all of the sinuses in the LN may serve as sites for B-cell encounter with large soluble antigens during their period of drainage into the LN.
Materials and Methods
Mice. Six-to 12-wk-old Ly5.1 (CD45.2) and Ly5.2 (CD45.1) C57BL/6 mice were from either the National Cancer Institute or Jackson Laboratories. C57BL/6 Tg(UBC-GFP)30Scha/J (004353) were from Jackson Laboratories. MD4 (31), CXCR5 Cell Isolation and Flow Cytometry. T and B cells were isolated from spleen, peripheral and mesenteric LNs, and purified as described (7) . Purities were typically >95%. Lymphocyte preparations before adoptive transfer and lymph node cells postimaging were stained with various fluorochrome-conjugated antibodies from BD Pharmingen as described (7), and data were acquired on a FACS Calibur (BD) and analyzed with FlowJo software (Treestar).
Reagents. HEL was conjugated to Alexa-Fluor 647 (Molecular Probes labeling kit) and purified using BioSpin 6 columns (Bio-Rad Laboratories) or to phycoerythrin and purified as described (34) .
Cell Labeling and Adoptive Transfers. Donor cells were labeled, where indicated, with 10 μM of 5-(and-6)-(((4-chloromethyl)benzoyl)amino) tetramethylrhodamine (CMTMR) (Invitrogen/ Molecular Probes) or 5 μM of carboxyfluorescein diacetate succinimidyl ester (CFSE) (Invitrogen/Molecular Probes), in DMEM containing 1% FBS for 25 min at 37°C, and then washed by spinning through a layer of FBS. Labeled or unlabeled cells were adoptively transferred into the tail vein of recipient mice.
Confocal Microscopy and Intravital Two-Photon Microscopy. Techniques used were similar to those previously described (7, 30) . See SI Materials and Methods for details.
Development of the quantitative model of T-cell exit from ILNs and volumetric analysis were performed as described in SI Materials and Methods.
Statistical Analysis. All statistical analysis was performed in GraphPad Prism (GraphPad Software). For comparison of multiple nonparametric datasets we used the Kruskal-Wallis test followed by Dunn's posttest comparison between multiple groups.
